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The purpose of this document is to express the design and testing completed to address the 
following problem statement. Cooper Standard Automotive of Auburn, IN, had asked the 
team to design, manufacture, and test an automated machine that will analyze and cut large 
bales of polymers in order to process them into a mixing chamber for batch rubber. This 
process is divided into two semesters, the design semester, and the building/testing 
semester. This particular report is concerned with the building and testing of the initial 
design.  Sections for this report include the problem statement, the initial design, the build 

















Section I: Problem Statement 
Section 1.1 Design of Bulk Polymer Measurement, Separation, and Distribution 
Process 
Overview 
Cooper Standard Automotive Inc. is a large conglomerate specializing in the 
manufacture and marketing of systems and components for the automotive 
industry. Products include body sealing systems, fluid handling systems, and NVH 
(Noise Vibration and Harshness) control systems, which are represented within the 
company’s two operating divisions: North America and International. The company 
is headquartered in Novi, Michigan. They are ranked 69 in the list of the top 100 
global suppliers. Cooper Standard Automotive employs approximately 22,000 
people globally with more than 70 facilities in 19 countries around the world. They 
have reached this level of growth by having a history of strategically acquiring 
various companies such as Metzeler Technical Rubber Systems, Tecalemit 
lubrications, and, most recently in 2013, Jyco sealing. One of the many facilities in 
their arsenal is located in Auburn, Indiana. At the Auburn facility, Cooper Standard 
specializes in the mixing of rubber, injection molding, transfer molding, hydro 
mounts, hydro bushings, CCAM mounts, extrusions, and finishing. While numerous 
other facilities handle rubber and rubber parts, Auburn is the sole location where 
mix rubber is performed. This makes the process of bale cutting very important in 
that it is a vital part of an operation that mixes and creates bulk rubber to be used in 
more than 19 other locations. 
Cooper Standard in Auburn, Indiana, is seeking assistance in the development of a 
new polymer bale cutter. The baler cutter is set up so that the large bale of rubber is 
inserted into a housing, and then a guillotine type blade is hydraulically forced 
downward into the rubber specimen.  The current bale cutter uses a yard stick to 
estimate the length of each bale to be cut. The system set up at this point has two 
lines of conveyor that each has a separate bale cutter. These two mixing line 
conveyors feed the cut rubber into a mixing chamber. The current process leaves 
the operator open to potential injury when he/she has to reach into the bale cutter 
to retrieve the cut section of the bale. The cutting of the bale is also based on a 
“guess and check” methodology, with a cut being made, and weighed, and then 
subsequent cuts are made if needed. 
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Section 1.2 Requirements & Specifications 
The system must be compatible with the current conveyor line, and the supplied 
polymer blocks. For those reasons, requirements and specifications of this system 
are very important. The system developed must be able to achieve the following 
goals: 
 The cutting system must be capable of accepting 9 different types of polymer, 
each with its own density. Currently, Cooper Standard uses 9 different 
polymers on a regular basis. 
 Currently, with the polymer natural rubber, the bale cutter will not make a 
full cut, and the cut has to be finished by hand by the operator. The new 
cutting system must be capable of making one full cut of the polymer. 
 The cutting system must be efficient enough so that one person can service 
polymers for both lines. The requirement is not necessarily one bale cutter, 
but for one person to be able to run both lines.  Cooper Standard has 
informed the group that the cycle time must be less than 2 minutes for this 
requirement to be achieved. 
 The cutting system must be able to achieve a tolerance of ± 1lb per batch. 
 
Section 1.3 Given Parameters 
The given, or fixed parameters are those that will be the guidelines for the design of 
the polymer-cutting system. The following is a list of the given parameters. 
 The polymer cutting system must accept polymer bales from a supplier. 
These polymer bales can vary in sizes from 14’’-17’’ wide, 21’’-30’’ long, and 
4’’-7’’ high. 
 The polymer bales have a marked weight of 77 lbs. 
 The cutting system is to be located in an area convenient to both mixing lines, 
and in a similar shape and size the current bales occupy 
 
Section 1.4 Design Variables 
Cooper Standard has set forth a few quantitative requirements. The final design 
concept, as well as minor design details, are largely at the discretion of the design 
team. Factors to consider range from reliability, ease of use, cost, ergonomics, and 
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aesthetics. The system should include an efficient delivery system of the cut bales of 
polymer 
 The method used to input the specifications of the polymer bale will be a 
design variable. 
Section 1.5 Limitations and Constraints 
The limitations and constraints of the polymer bale cutting system must be taken 
into account in order to properly design the system for Cooper Standard. 
Limitations and constraints are anything that could potentially inhibit the system 
and must be properly accounted for in order to model the system correctly. Below 
are the parameters that are limiting factors. 
 The system should be completely repairable in the case of a failure of a 
component. 
 The cutting system must fit in the current footprint of the currently 
operational bale cutter. The current footprint of the bale cutter is 36’’ X 72’’, 
located 35’’ from the weigh conveyor. 
 The cutting system must be completed and operational without error by 
December 2014. 
 The overall budget of the project involving the bale cutter is set at $100,000. 
 
Section 1.6 Additional Considerations 
Additional considerations of this design encompass goals that are not explicitly laid 
out in the requirements section. These goals are to be considered but do not 
necessarily define the success of the project. 
 Safety is to be improved by removing the operator from the immediate 
vicinity of the cutting blade and its associated hydraulics. 
  




















Section 2: Initial Design 
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Section 2.1 Description of Overall Design 
The automated polymer bale cutter design features a hydraulic press, two 
conveyors, one of which is reversible, and a photoelectric eye.  A CAD mockup of the 
apparatus is shown in Figure 1.  The apparatus is intended to safely cut polymer 
bales to the weight called for in the Cooper Standard recipes, with a tolerance of ±1 
lb.  The entire automated process must be completed in less than 2 minutes, the 
time requirement set by Cooper Standard to be able to use one operator in the 
mixing area.  The operator will place the polymer bale on the first conveyor. Next, 
the weight needed for the recipe will be input into the PLC.  The first conveyor will 
then move the polymer bale through the photoelectric eyes to obtain its length, and 
then the polymer bale will stop before the blade to gain the weight of the polymer 
bale.  The first conveyor will move the bale under the blade in preparation for the 
cutting method.  The hydraulic shear press will then press a blade through the 
polymer bale.  The second conveyor will then send the cut polymer bale to the main 
mixing conveyor, while the first conveyor will reverse the remnants of the polymer 
bale back to the beginning of the line.      
 
Figure 1: Preliminary CAD drawing of the full system. 
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Section 2.2 Description of Individual Processes 
Section 2.2.1 Transportation of the Material 
Once the material has been staged near the Banbury line, we must develop a 
transportation system. This system will move the material to the bale separation 
area, control the cut length, and ultimately deliver the desired amount of polymer to 
the Banbury line. Currently, the polymer is hand-carried from the staging area to the 
bale cutter, a distance greater than 10 feet, and then hand-carried again from the 
bale cutter to the Banbury line.  
Cooper Standard has informed us that the transportation system must meet the 
following requirements: 
1. Must accommodate all sizes of polymer 
2. Must allow for cycle-times to be equal to or less than current process 
(2 minutes) 
3. Must be safe for operator interaction 
4. Must fit into the space allotted by the current process’s footprint 
Based upon the requirements provided, we have selected the use of conveyor belts 
as the mode of material transportation. Conveyor belts will accommodate small 
pieces of polymer as well as the largest bales and they contain minimal pinching 
hazards. To meet the cycle-time requirement, we must ensure that our conveyor 
belts are capable of transporting the material at adequate rates of speed. 
Based on our space limitations and the length necessary to analyze and measure 
each bale, we have selected two different conveyors, one 7 feet long, and the other 3 
feet long.  Conveyor 2 is used to deliver the polymer to the Banbury mixing line.  
Length measurement will consist of stopping Conveyor 1 with the bale located 
within the scale’s platform perimeter for 3 seconds and then restarting the conveyor 
to feed the bale into the cutting area.  
Our conveyor belt must be able to accommodate all types of polymer and their 
associated sizes and weights. The widest bale currently handled by Cooper Standard 
is 17” and the heaviest bales are around 80 pounds. We have selected a 7 foot 
conveyor and a 3 foot conveyor produced by Dorner Conveyors which are 24” wide 
and have maximum capacities of 819 lbs. and 296 lbs. respectively. This capacity is 
great enough to support the weight of four full bales at one time although we only 
anticipate a maximum load of 100 lbs. 
The conveyor belts selected from Dorner Conveyors are wide enough to transport 
all 9 different types of polymer currently handled by Cooper Standard.  Both 
conveyors have variable speed controllers which allow the speed to be adjusted 
between 7 feet/min and 23 feet/min. The design time for the total process is 82 
seconds, which is 32% less than the maximum allowed cycle-time of 120 seconds. 
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Conveyor belts have minimal pinching hazards and are therefore the safest mode of 
transportation of the conceptual designs.  
Section 2.2.2 Measurement and Analysis 
Based on the requirements set forth by Cooper Standard and the team, the 
measurement and analysis portion of the process will have no effect on the system’s 
ability to achieve one cut, clean cut, or ergonomics.  The measurement and analysis 





4. 9 Polymer 
5. Feasibility 
A weighted decision matrix concluded that a photoelectric eye sensor with a scale 
would be the ideal solution for the process of measuring and analyzing the bulk 
polymer. Figure 2 below shows the entire measurement and analysis process. 
 
Figure 2: Image of PLC length analysis 
The measurement and analysis operation is described below with a detailed 
description of its functions. 
Once the polymer is correctly placed onto conveyor 1 the employee will activate the 
system by inputting the required weight to be cut.  This will cause conveyor 1 to 
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start moving.  The polymer will soon break the photoelectric eye’s beam.  An 
advantage of the photoelectric eye sensor system is that it is unaffected by different 
materials.  As long as the beam leaving the transmitter is no longer seen by the 
receiver, the system will register the beam broken.  This allows the process to 
operate with all 9 polymers and increases its feasibility.  The broken beam will 
cause the system to start measuring the overall length of the polymer brick.  This is 
done through the computer using the known speed of the conveyor in feet per 
second and the length of time the photoelectric eye’s beam is broken in seconds.  
The moment the photoelectric eye’s beam is reconnected the conveyor will stall.  
This will place the polymer brick directly over a scale that will measure its weight.  
The scale chosen is the 9477 conveyor scale that is produced by Mettler Toledo.  It 
has a readability of 0.02 lbs.  The computer now knows the length of the polymer in 
feet and its weight.  This allows the computer to calculate a length-to-weight ratio.   
The chosen photoelectric eye to be used is model PR-M51CN and is manufactured 
by Keyence.  This particular sensor has a response time in the off to on (beam 
initially broken) of 2.7 ms and a response time in the on to off (beam becoming 
continuous again) of 0.5 ms.  This ability of the sensor allows the process to be 
extremely accurate under all reasonable conveyor speeds.  This improves the 
systems overall efficiency by allowing for a faster conveyor speed.  It also improves 
the system’s ability to meet the ± 1 pound tolerance due to its accurate 
measurement of length for the bale coupled with the scales ability to measure the 
weight.  By measuring both the length and weight of the polymer with very high 
accuracy the system is able to achieve a very accurate calculation of the amount of 
polymer to cut off to meet its recipe requirements.   
When the photoelectric eye is installed its distance from the bail cutter’s blade edge 
will be measured and inputted into the computer manually.  This distance shall not 
change and will be considered a constant in any proceeding calculations.  With this 
distance and the length of the brick polymer, the leading edge of the polymer in 1 
directional space is known.  This allows the computer to calculate the distance the 
conveyor must travel so that the correct amount of polymer, in pounds, is placed 
beyond the blade’s edge.  This length of travel is converted into a time based on the 
known speed of the conveyor.  The computer will then send a signal to the conveyor 
to run for this amount of time. Once the conveyor has run for this time, it will again 
stall and the cutting process will commence.  Following is a complete analysis, with 
calculations, of the entire measurement and analysis process.  This process will all 
be done automatically by the computer.  The employee will no longer need to 
manipulate the polymer in and out of the bale cutter.  This removes any chance the 
employee’s muscles can become strained from being overworked.   
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Using a PLC system, we can control the distance the conveyor belt moves.  This 
alone is not sufficient because to be precise the process needs to have an accurate 
account of where the polymer brick is in space.  This is why the distance from the 
blade edge to the photoelectric eye is essential (y).  Once the photo eye’s beam is 
reconnected the system will now know, not only the overall length of the bale (x), 
but also where the bale’s leading edge is in space in relation to the photo eye.  The 
following distance subtracted from the fixed known distance between the 
photoelectric eye and the blade edge(y-x) tells the system exactly how far to move 
the conveyor so that the bale is moved to the correct distance (z). 
The recipes are designed based on the weight of the individual ingredients and not 
the length.  Therefore, there needs to be a relationship between z and its weight.  
This relationship is quite simple.  Once the length and weight of the original bale are 
determined, a length to weight ratio is easily calculated.   
 





This ratio is what allows us to meet the weight requirements of the recipe based on 
the length of polymer needed to be cut off.  Multiplying Xp by the required weight 
needed for the recipe results in the length of polymer needed to be cut off (z).  The 
equation below illustrates this concept. 
 𝑧 =  𝑋𝑝 ∗ 𝑊 (2) 
Where W = weight of polymer needed for recipe (lbs.) 
In summary, the measurement and analysis subsystem does a tremendous amount 
in an effort to meet the requirements and specifications set by the team and Cooper 
Standard. Using well built, reliable, and highly accurate components, the system can 
easily and automatically calculate the length of polymer needed to be cut off to 
achieve the weight called out by the recipe.  This automated system helps ensure a 
safe environment while also increasing the overall system’s efficiency and ability to 
meet the ± 1 lb. tolerance.  The low number of components and the simplicity of the 
calculations allows the chosen process to be highly feasible while also being able to 
operate with all 9 polymers. 
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Section 2.2.3 Cutting of Polymer 
Based on the requirements set forth by Cooper Standard and the team, the cutting of 
the polymer sub-system will have no effect on the system’s ability to achieve the 
improvement in ergonomics.  The cutting of the polymer sub-system will have a 
large supporting role in meeting the requirements of: 
1.  Safety 
2. Efficiency 
3. Tolerance 
4. 1 Full Cut 
5. 9 Polymer 
6. Feasibility 
 
The purpose of the cutting system is to be able to accurately cut the polymer in 
order to achieve the ±1lb tolerance given by the rubber recipes.  The cutting system 
also must be able to achieve this tolerance with only one full cut.  As shown in 
Section III the method for cutting the polymer was chosen to be a hydraulic shear 
press with an extended throw.  In the interest of simplicity for Cooper Standard, 
they have asked us to incorporate an easily replaceable blade, to assist in reducing 
turn-over time in re-sharpening and replacing worn out blades. 
Cooper Standard has informed us that the current process of their hydraulic shear 
with no extended throw does an adequate job for some of the polymers.  The 
polymer that gives the most issues is natural rubber.  This polymer will not yield a 
full cut, and the remainder of the cut has to be done by hand with a handsaw.  
Obviously, this must be remedied for the new bale-cutter.      
The chosen hydraulic press is an Enerpac IPE-3060, H-Frame Floor Press, shown 
below in Figure 3.  This floor press is complete with a pump, cylinder, hoses and 
gauges, offering the complete package for the polymer cutting process.  The IPE-
3060 has a maximum vertical daylight of 54.50’’, with a maximum bed width of 
29.00’’.  This 29’’ bed width will provide enough room for the conveyor system to 
conveniently fit inside the uprights.  A large benefit of purchasing this all-in-one 
package is that the feasibility of having a completed system by the end of 2014 is 
higher than if each individual part had to be purchased and assembled.  This 
satisfies the feasibility requirement of the cutting sub-system. 
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Figure 3: Enerpac IPE-3060 H-Frame Floor Press.  The floor press is complete with a pump, cylinder, hoses and 
gauges. 
The cutting of the polymer sub-system has the requirements of achieving an 
accurate cut of the polymer to achieve the ±1 lb. tolerance given by the rubber 
recipes.  The cutting system also must be able to achieve this tolerance with only 
one cut.  The cutting system detailed above achieves both of these specifications, all 
while being safe and efficient.   
Section 2.2.4 Separation Operation 
The separation process is quite simple compared to the other sub-systems. Because 
we have chosen conveyor belts all that must be done for separation is to reverse belt 
1 so that the polymer is removed from the housing. By doing this the length of the 
remaining polymer is calculated by breaking the photoelectric sensor a second time. 
This length can then be used in the same manner discussed in section 2.2.2 to recut 
the bale. If a request for a certain weight is not met, the HMI (Human Machine 
Interface) will display an error for the operator to insert another piece of the same 
type of polymer. While the new polymer is being recut, the small piece to be added 
will ‘wait’ for the new piece to be cut. This assures that the whole weight needed is 
all together in one group. 
Section 2.3 Summary of Conceptual Design 
In summary, a skid of the particular polymer will be individually staged near the 
cutting apparatus.  The polymer will be placed onto the feed conveyor.  The operator 
will then input the weight needed for the recipe into the PLC.  The operator is now 
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finished with interacting with the system, the remainder is completed automatically 
by the PLC.  The conveyor will turn on and run the polymer through a photoelectric 
eye to gather its length, and over a scale to acquire its weight.  The conveyor will 
then move the polymer under the blade.  The hydraulic shear press will press 
automatically through the material.  The cut piece will be transported to the 
Banbury line by the second conveyor, while the remaining piece will return to the 
beginning of the line by conveyor 1, which will automatically reverse.  The operator 
can either input another weight for the remaining piece, or use the vacuum assist to 
return the polymer to the skid.  
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Section 3: Build Process 
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Section 3.1 Design Revisions and Solution 
Following the completion of the detailed design in semester I of Senior Design, the 
group presented our final presentation to Cooper Standard’s Mixing Manager Kevin 
Welty.  Mr. Welty was very supportive of our project and was ready to begin the 
build process.  Unfortunately, a union labor dispute caused all projects at Cooper 
Standard to be put on hold through July 2014.  Upon the completion of the union 
labor contract and after repeated attempts by the group to get the project started, 
Mr. Welty informed the group that our project had been put on hold.  Mr. Welty was 
adamant that the hold was not because of our work, but that more information was 
needed from the Cooper Standard Lean Department due to the removal of an 
operator from the mixing area.  Cooper Standard Engineering Manager Henry 
Waring informed the group that a proof of concept would help Cooper Standard 
Management see the benefit of the project.  
Mr. Waring has supplied the group with two used conveyors, a used hydraulic press, 
a used PLC, as well as the Cooper Standard Central Store and tools to modify the 
components to our needs.  
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Section 3.2 Modification of Feed Conveyor 
 
Figure 4: Feed conveyor prior to modifications. 
The conveyor shown in Figure 4 was selected to be the feed conveyor.  This 
conveyor had to be modified to be compatible with the polymer bale sizes.   
Modifications included removal of the uni-strut used to hold the electrical boxes, 
removal of the conveyor sides, removal of the part catching boxes at each end, and 
the shortening of the conveyor legs. The electrical box was repositioned on the side 
of the conveyor body, it housed an emergency stop. An additional emergency stop 
button was added to the opposite side of the electrical box. 
The repositioning and addition of an emergency stop required changes to be made 
to the wiring in the electrical box. Cooper Standard maintenance mechanics and 
contractor electricians were consulted to ensure the group made the correct 
changes. The feed conveyor can be seen in its completion in Figure 5. 
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Figure 5: Feed conveyor after modifications were complete 
Section 3.3 Modification of Take-Away Conveyor 
The take away conveyor is shown in Figure 6. It went through extensive 
modifications to become suitable for our needs. The conveyor measured at 
approximately 15 ft. and was much too long. The group decided to cut its length to 
the more manageable length of 5 ft. This was accomplished by cutting the conveyor 
with a torch and Sawzall. The height of the conveyor was changed by removing the 
legs so that the conveyor could sit on the bale cutter, using the conveyor sides as the 
base. The conveyor belt had to be shortened to work with the shorter conveyor 
length; a special stapling tool was used to join the ends of the cut belting. Further 
modifications were completed by cutting down the sides of the conveyor so that 
bales could travel further away from the cutter. The take away conveyor after 
modification can be seen in Figure 7 
The conveyor was intended to run in one direction, which was opposite of the 
direction we needed. The appropriate wiring information was sourced and used to 
make the necessary changes so that the conveyor would take the bales away from 
the bale cutter. 
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Figure 6: Take away conveyor in original form. 
 
 
Figure 7: Take away conveyor shortened in height and width, electrical components relocated. 
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Section 3.4 Bale cutter 
The bale cutter given to the group from Cooper Standard had sat unused for six 
years, as it was last used in the old mixing department. There were a number of 
items which needed to be addressed before it could be tested. 
1. The hydraulic hoses needed to be removed and cleaned in order to prevent 
contamination of the oil supplied by the hydraulic unit the group was 
planning to use.  
2. Hydraulic fittings had to be installed to connect to the hydraulic unit. 
3. The counter weights, a safety measure which guaranteed the blade would be 
pulled up in case of a hydraulic failure, had to be returned to the tubes which 
contained them. 
4. The bale cutter had to be moved to the shop area where the group setup its 
design. 
5. The blade needed to be removed for cleaning and sharpening. 
The bale cutter, in original condition, can be seen below in Figure 8. 
 
Figure 8: Hydraulically actuated bale cutter. 
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Section 3.5 Bale cutting table 
Initial testing indicated that the extended throw of the bale cutter blade was 
advantageous. It was noted that the bales were exerting an extreme amount of force 
on both conveyors. The addition of a dead stop cutting surface for the blade would 
aid in the complete cutting of each polymer bale. The first design consisted of a flat 
sheet of brass suspended between two stands. This design was not robust enough to 
adequately sustain repeated cuts. The brass bent quite easily and a new design had 
to be created.  
The redesigned cutting table, constructed using more material and better supports, 
can be seen below in Figure 9. The new design proved to be more durable and able 
to withstand the repeated application of pressure from the cutting blade.  Detailed 
drawings are available in Appendix A, Figure 20 and Figure 26. 
The main component of the table was 2 inch by 2 inch solid steel approximately the 
width of the bale cutter blade. It was supported by square tubing at each end and a 
steel tube in the center. The pieces were joined together using the MIG welder 
available in the maintenance shop. The brass cutting plate was fastened to a piece of 
two inch C-channel steel by drilling and tapping holes in the C-channel which 
matched the pattern on the brass. The C-channel was then tack welded into place on 
the steel bar.  
The resulting apparatus proved to be capable of withstanding the repeated 
applications of the cutting blade done while demonstrating and testing. 
 
Figure 9: Bale cutting table installed and welded into position. 
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Section 3.6 Portable Hydraulic Unit: 
In its original form, the bale cutter had its own hydraulic unit, consisting of an 
electrically driven motor attached to a hydraulic pump and reservoir. Unfortunately, 
the original hydraulic unit had been scrapped years ago.  
In the mold repair area of the plant, Cooper Standard used a portable hydraulic unit 
to open and close molds in order to clean and repair the molds. The group was given 
permission to utilize the unit to actuate the cylinder of the bale cutter. The hydraulic 
unit can be seen in Figure 10 below. 
 
Figure 10: Hydraulic unit used to provide fluid pressure to bale cutter cylinder. 
P a g e  | 27 
 
 
Figure 11: Hydraulic solenoid used in place of hand lever on hydraulic unit, controlled by PLC. 
 
 The unit is controlled by a hand lever. In order to keep with the goals set out in 
Senior Design I, the group sourced an electrically controllable solenoid valve from 
Central Stores. The valve is actuated by the signal sent from the PLC, and based on 
this signal will either lift or lower the bale cutter blade. Above in Figure 11 the 
electrically actuated solenoid can be seen. The valve could not be a permanent 
modification as the hydraulic unit is used every day on first shift. 
A wet armature, directional control valve, PN: DG4S4LW-018C-B-60, made by 
Vickers was installed on the hydraulic unit each time testing was to be performed. 
Installation took approximately 10 minutes.  
Section 3.7 Electronic Scale: 
An electronic scale made by A&D Weighing was utilized to measure the initial bale 
weight to provide to the PLC. The weight of the cut piece was also measured to 
check accuracy. 
The scale converted an analog signal from a strain gauge “load cell” to a numeric 
weight. The scale measured to 0.1lbs and displayed the weight on the digital display 
attached to the side of the electronic controls cabinet. The electronic scale can be 
seen in Figure 12. 
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Figure 12: Electronic scale used to measure bales pre and post cut. Manufactured by A&D Weights. 
 
 
Section 3.8 Banner Sensor 
The length of the bale being cut varied from polymer to polymer and was needed in 
order to determine how much polymer was required to be cut for the specific recipe. 
The sensor used for this purpose was sourced from the Central Store and was made 
by Banner Engineering, P/N: QS18VP6DQ8. It uses an infrared LED sensing beam to 
detect proximity.  This sensor is different from the original designed sensor in that 
the Banner sensor detects proximity, thus only requiring one sensor.  The original 
design called for send and receive sensors, requiring two sensors to be mounted.  
 A fabricated mount was designed and made to locate the sensor next to the 
conveyor.  A detailed drawing of the mount is shown in Figure 28 in Appendix A. 
The sensor had a maximum sensing range of approximately 17.7”.  The sensor was 
mounted far enough away that it did not impede the travel of bales yet well within 
its measurement range. Figure 13 below shows an image of the Banner sensor. 
At 0.6 milliseconds, the sensor offered a response time which was fast enough that 
the bale could be fed right up to the bale cutter without delay.  Because of this short 
response time, the feed conveyor did not need to be stalled while the information is 
sent to the PLC.  This increased the efficiency of the system by reducing the cycle 
time. 
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Figure 13: Banner proximity sensor installed on fabricated mount. 
Section 3.9 Electronic Controls Cabinet: 
The electrical components necessary to control the bale cutting process needed to 
be stored in a safe, secure housing. The PLC and Panelview were the main 
components to be housed. The cabinet was fastened to a number of repurposed 
pieces of steel recycled from previously removed conveyor components. The cabinet 
stands at a convenient height, placing the PanelView at a height of 4.5 ft. with a 
secure base which prevents excessive movement. A complete view of the human 
machine interface (HMI) can be seen below in Figure 14. 
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Figure 14: Electronic controls cabinet with PanelView, PLC, and scale display installed. 
Section 3.10 PanelView: 
The PanelView serves as the user interface for the bale cutting process.  
Manufactured by Allen Bradley, the PanelView 550 interfaced with the PLC and 
offered a easy to read display. The PanelView interface can be seen in Figure 15 and 
Figure 16 below. 
 
Figure 15:  Allen Bradley PanelView 550, interface between operator and process. 
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Figure 16: Interface display allowing for input of actual and desired bale weights 
Section 3.11 Programming Logic Controller (PLC): 
An Allen Bradley SLC-500 Programmable Logic Control System was utilized to 
process the inputs from the PanelView and the Banner proximity sensor. It 
consisted of independent modules to handle DC inputs and outputs as well as AC 
outputs. The PLC was able to interpret the input signals and then output the correct 
signal to the corresponding component. An image of the PLC input and output cards 
can be seen below in Figure 17. 
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Figure 17: Layout of PLC with input and output cards. 
Section 3.12 Complete Assembly 
 
All of the modifications to the individual components were made so that each 
component could work around the bale cutter, the largest piece of the system.  The 
bale cutter cannot be lifted off the ground during operation, so the other 
components were modified to be placed on the bale cutter.  The bale cutter sits 7 
inches off the ground, while the take-away conveyor sits 15 inches off the ground.  
Because of this, the feed conveyor had its legs shortened to 15 inches on one side, 
and 22 inches on the other.  A steel guard that was originally on the bale cutter was 
modified to leave an opening around the feed conveyor, but still present to prevent 
anyone from placing their hand inside the bale cutter.   
During the initial testing of the machine, it was noticed that the polymer bales exert 
a large force along the conveyors, pushing them away from each other.  To 
counteract these forces, the conveyors are linked together by a welded cross-beam, 
while their legs are welded to the base of the bale cutter. The completed assembly 
can be seen in Figure 18. 
The deviated process flow required the operator to place a bale on the scale to 
determine its starting weight. The actual and desired weights were input into the 
PLC via the PanelView. Next the operator placed the bale on to the feed conveyor. 
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Once in place, F3 was pressed on the PanelView which started the cutting process. 
The bale moved along the feed conveyor past the proximity sensor which sent a 
signal to the PLC to record how long the bale was in front of it. This provided the 
PLC with the necessary data to calculate length of the bale and therefore how long to 
run the feed conveyor to get the desired cut weight. The sensor responded very 
quickly and allowed the PLC to perform the necessary computations in a timely 
manner. This allowed the bale to travel to the cutting surface without stalling.  The 
feed conveyor then stopped and the hydraulic cylinder engaged and cut the 
polymer.  The takeaway conveyor then took the polymer away from the bale cutter. 
 
Each component was operating correctly and the assembly was in sync, which 
permitted for testing to commence.  
 
 




























Section 4: Testing 
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Section 4.1 Introduction 
During the first semester, along with developing the concept of our bale cutting 
process we also kept in mind that testing our new process would need to be 
accomplished.  We agreed that for our design to be successful it needed to be able to 
meet and/or exceed the requirements set forth by the requirements and 
specifications set forth by Cooper Standard. Those benchmarks were: an ability to 
cut all 9 different polymers used, to be able to meet the 1 pound weight tolerance in 
a single cut, that a single person is able to operate the entire line, and that the bale 
cutter can make a full clean cut every time.  Along with these requirements, the team 
must also strive to work within the confines of the given parameters, design 
variables, limitations and constraints. 
To begin, the team developed testing parameters and a procedure that are detailed 
in sections 4.2 and 4.3 respectively.  The test data will be analyzed and will play a 
vital part in the evaluation of the project’s value.  
Section 4.2 Testing Parameters 
The testing parameters that follow serve as a guideline to what will be collected and 
evaluated in the testing phase.  These parameters will be directly derived from the 
requirements set forth in the first semester and are outlined in the following 
sections. 
Section 4.2.1 Project Requirements 
 The cutting system must be capable of accepting 9 different types of polymer, 
each with its own density. Currently, Cooper Standard uses 9 different 
polymers on a regular basis. 
 Currently, on one particular polymer, the bale cutter will not make a full cut, 
and the cut has to be finished by hand by the operator. The new cutting 
system must be capable of making one full cut of the polymer. 
 The cutting system must be efficient enough so that one person can service 
polymers for both lines. The requirement is not necessarily one bale cutter, 
but for one person to be able to run both lines.  After discussions with Cooper 
Standard leadership, it was decided that a cycle time of less than 2 minutes 
would satisfy this constraint. 
 The cutting system must be able to achieve a tolerance of ± 1lb per batch. 
Section 4.2.2 Chosen Testing Parameters 
The following were the agreed upon testing parameters the team would use to 
evaluate the system.  It is believed that these parameters allow the team to 
effectively evaluate the system’s ability to meet the design requirements.   
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4.2.2.1 9 Polymers 
To ensure that our system is able to effectively cut all nine different polymers with 
their own material properties, the team required that a minimum of three cuts be 
made to each type of polymer.  By testing a minimum of three cuts per polymer the 
team can confidently say that the system is capable of cutting all nine polymers.   
4.2.2.2 Full Cut 
Currently at Cooper Standard there is only one polymer, natural rubber, which the 
bale cutter is unable to cut completely with one cut.  It was decided that natural 
rubber would be cut nine different times with a requirement that all nine are cut 
fully in one cycle.  The test cuts made to the other eight polymers will also be 
verified for a full cut and require 100% achievement.  
4.2.2.3 Require only one operator 
The desire of Cooper Standard is to bring the number of individuals in the mixing 
area down from 3 to 2.  The Cooper Standard Lean Department has concluded that 
to eliminate a worker from the mixing department, the polymer measurement, 
separation, and distribution process must be completed in under 2 minutes.  Each 
test cut will be timed from start to finish, collecting cycle time data of both the 
overall process and each component. 
4.2.2.4 Achieve a ± 1 pound tolerance 
Each recipe at Cooper Standard is fine-tuned by Cooper Standard’s Chemical 
Engineers to properly and adequately deliver the correct material properties for its 
applications.  The Chemists at Cooper Standard have informed the group that to 
ensure the correct material properties, the cut polymer must abide by a ±1lb. 
tolerance.  After every test cut cycle, the team will weigh the resulting bale to 
determine if the ±1lb. tolerance is met. 
Section 4.3 Testing Methods 
In the following sections, the methodology for evaluating each of the testing 
parameters is described.  Data was extrapolated from each cut of the polymer, 
which was then collated to determine the bale cutting process’s ability to achieve 
the testing parameters. 
Section 4.3.1 Normal System Operation 
The team tested the system as if it was in operation in the daily production in 
Cooper Standard’s Mixing Department.  The team did not interfere with the system 
at any time during the process, outside of what an operator would normally do.  This 
also means we must operate under desired conditions, meaning that only one 
operator is used to conduct the test cuts.  The team gathered a single bale from eight 
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of the polymers with three bales being gathered of natural rubber.  Each full size 
bale was then cut three times.  This is accomplished by one individual then loading 
the bale, entering its weight and the desired cut weight into the PLC and pressing 
the operate button.  After each cut, the team verified that the take away conveyor 
carried the cut portion of the bale away and only the cut portion.  This method 
allowed the team to validate the testing parameter of the system being able to cut all 
nine polymers while also achieving a full cut every single time (4.2.3.1, 4.2.3.2, and 
4.2.3.3). 
Section 4.3.2 Weight Calculation 
Before each cut, the bale was weighed and recorded.  The amount of weight we 
require of the cutting process was randomly chosen but will fall within the range 
that is normally experienced by the daily operation of Cooper Standards Mixing 
Department.  A reference for this is the Daily Production Recipe show in Figure 31 
and Figure 32 in Appendix C.  This was called the required weight.  After the cut is 
made, the portion of the bale that is on the take away conveyor was weighed.  This 
was also recorded and compared to the required weight.  This allowed the team to 
achieve the parameter of meeting the ± 1 pound tolerance (4.2.3.4). 
Section 4.3.3 Video Recording 
The team video recorded the first test cut conducted of each new full bale.  This best 
simulated the daily production done at that plant.  This video will then be reviewed 
to evaluate the cycle times of each operation in the process.  This was done by 
recording the time stamp at the start and stop of each operation. This allowed the 
team to verify that the total cycle time was under the two minute testing parameter.  
Having time data for each process also helped identify bottlenecks or opportunities 
for improvement the automated bale cutting process can implement in the future.   
Section 4.4 Testing Results 
In the following sections, data from the testing methods above will be presented.  
This data will show that the build completed by the senior design team meets the 
requirements set forth by Cooper Standard.  
Section 4.4.1 Ability to Cut 9 Polymers 
The group acquired all 9 different polymers used at Cooper Standard for testing.  
Three bales of natural rubber were collected, as well as one bale each for the 
remaining 8 polymers.  Each polymer was cut three times.  Throughout all 33 tests, 
it was observed that the conveyors, the photoelectric eye, and the bale cutter 
accepted all polymers.  This satisfies the requirement that the new process accept all 
9 polymers.  Table 4 in Appendix E shows the raw data outlining these results. 
P a g e  | 38 
 
Section 4.4.2 Ability to Make a Full Cut 
As mentioned above, 11 total bales of polymer were gathered for testing.  Three cuts 
were made for each polymer bale, totaling 33 cuts made.  For this requirement to be 
met, all 33 tests must result in a full cut of the polymer.  A full cut will be defined as 
the blade going completely through the polymer, fully separating the two pieces of 
the polymer.  During the course of the 33 tests, it was found that the bale cutter 
made a full cut of each and every polymer.  There was never any cellophane or 
polymer connecting the two pieces of the polymer bale, as shown in Figure 19 and 
Figure 20.  Table 4 in Appendix E shows the raw data outlining these results. 
 
Figure 19: Bale of natural rubber after cutting. 
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Figure 20: Image showing complete cut of natural rubber. 
 
Section 4.4.3 Require Only One Operator (Less than 2 Minute Cycle Time) 
As previously shown in Section 2, the total cycle time for the bale cutting process 
was designed to be 82 seconds, 32% less than the total time allotted of 120 seconds.  
A time study was completed on each sub-process to find the average time to 
complete the process.  Each sub-process average was added together to determine if 
the maximum total time of 120 seconds was achieved.  On the following graphs, the 
blue diamonds signify the time gathered, the green line is the average time from the 
time gathered, and the red line is the initial allotment of time. 
4.4.3.1 Placing the Bale onto the Scale, Input the Weight into the PLC, and Placing Bale 
on Feed Conveyor 
During the build process, it was determined that the weigh scale could not have 
been implemented into the proof of concept build as called for in the original design.  
The donated conveyor is not wide enough to allow the weigh scale to fit underneath 
the belt.  Due to this, a new sub-process must also be considered for our original 
time allotment.  This sub-process is the step of placing the bale onto the scale, 
inputting the weight into the PLC, and placing the bale onto conveyor 1. 
Figure 21 below shows the results from the time study on the first sub-process, 
acquiring the weight, inputting the weight into the PLC, and placing the bale on the 
conveyor.  This sub-process was not initially in the design, due to the scale being 
incorporated into the conveyor and having its output sent to the PLC.  Since the 
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equipment given to the group by Cooper Standard cannot be integrated into the 
conveyor, and the scale has no output for the PLC, the time for this sub-process must 
now be considered into the total cycle time.  As seen in Figure 21, the average time 
for acquiring the weight and PLC input is 15.3 seconds. 
 
Figure 21: Time required to acquire the polymer weight and input the weight into the PLC. 
It should be noted the time for Sample 1 was omitted for the average time.  This 
time was much longer than the others because of the location of the scale.  The scale 
was initially far from the PLC, but subsequent tests had the scale closer to the PLC, 
reducing movement times.  
4.4.3.2 Time for the Transportation Conveyor to Move the Bale to the Blade. 
Figure 22 below shows the results from the time study on the second sub-process, 
the transportation of the polymer by the feed conveyor.  The time allotted for the 
transportation was initially 60 seconds.  The main determination of this time was 
the 7 foot long conveyor that has a speed of 4.5 feet per minute.  For the proof of 
concept, the feed conveyor is 7 feet long, with a speed of 60 feet per minute.  
Because of this increase in conveyor speed, the time to transport the polymer via the 
feed conveyor is only 7.8 seconds, which is 52.2 seconds less than the designed time.  
This decrease in necessary time is directly related to the increase in conveyor speed 
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Figure 22: Time required for the transportation conveyor to move the bale to the blade 
4.4.3.3 Time to Complete the Cutting Process. 
Figure 23 shows the time study results for the cutting of the polymer sub-process.  
The initial allotment of time for the cutting of the polymer was 14 seconds.  This 
time was determined by using a linear regression to find the speed of the cylinder 
while at the load caused by the polymer.  The testing showed that the time to fully 
complete the cutting process was on average 23.1 seconds, which is 9.1 seconds 
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Figure 23: Time required to complete Cutting Process 
4.4.3.4 Time to Move the Cut Polymer to the Mixing Line 
The time to move the cut polymer to the mixing line was initially designed to be 8 
seconds.  The determining factor in this initial time allotment was due to the 
designed speed of the take-away conveyor, which was 20 feet per minute.  The 
speed of the conveyor given to the team is 15 feet per minute.  Due to this decrease 
in speed, the time to move the cut polymer to the mixing line was longer, with an 
average of 12.3 seconds, which is 4.3 seconds longer than the initial time designed 
for the sub-process.  Figure 24 below shows the results from the time study on this 
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Figure 24: Time required to move the cut polymer to the mixing line 
Although three of the four sub-processes were longer than their designed time 
allotment, the time saved in the feed conveyor sub-process made up for the 
differences.  As shown in Table 1, the total allotted time for the initial design was 87 
seconds.  On average, the actual time for the entire process was only 58.5 seconds, a 
decrease of 28.5 seconds from the designed time.  This time is 52% less than the 120 
second cycle time maximum set forth by Cooper Standard, thus satisfying the 
requirement.  

















Designed 5.0 60.0 14.0 8.0 87.0 
Actual 15.3 7.8 23.1 12.3 58.5 
Difference 10.3 -52.2 9.1 4.3 -28.5 
 
Section 4.4.4 Achieve a ± 1 Pound Tolerance  
Ensuring the cut portion of the polymer is within ±1 lb. of the needed weight is 
essential for the Mixing Department to be able to properly make their rubber 
compounds.  As shown in Appendix C, Cooper Standard recipe charts, the weight 
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after cut weights must be accurate to the tenth of a pound to ensure the tolerance is 
met, and a rounding error is not responsible for a false pass or failure. As mentioned 
earlier, 11 full bales of polymer were cut 3 times each, for a total of 33 samples.  
Through all 33 samples, only 2 values were out of tolerance, while the average of the 
differences was 0.073 lbs., with a standard deviation of 0.613lbs.  Assuming a 
normal distribution, the probability of the cut being within the tolerance is 90%. 
(Appendix F)  The required weight and the acquired weights are shown in table 
form for all samples in Appendix E.  Figure 25 below is a chart of the required 
weight minus the weight achieved.  The solid red bars indicate the maximum and 
minimum allowable values for the difference.    
 
Figure 25: Difference in required weight and weight achieved 
 






























































Section 5: Evaluations, Cost Analysis 
Recommendations and Conclusions 
  
P a g e  | 46 
 
Section 5.1 Evaluation 
Based on the testing data presented in Section 4.4, it can be determined that we 
have met the requirements and specifications set forth by Cooper Standard.  
Throughout all 33 tests, we found that all the components in our system, such as the 
conveyors, photoelectric sensors, and the bale cutter, accept all 9 different types of 
polymer; meeting said requirment.  A major requirement of the project was that a 
full cut be made of every polymer, specifically natural rubber.  This requirement was 
accomplished during all 33 tests, even the 9 cuts of the natural rubber. 
Cooper had asked our total cycle time to be under 2 minutes.  Our initial designed 
cycle time was 87 seconds, while our actual cycle time is, on average, 58 seconds.  
This new cycle time is 52% less than the required cycle time, therefore satisfying the 
requirement.  Finally, and possibly most important, the weight of the cut polymer 
bale must be within ±1lb. of the required weight in the receipe.  This requirement 
stems directly from the Chemists at Cooper Standard.  We have determined that 
90% of all cuts will be within the tolerance specified.  This was found after the 
average of all cut pieces was only 0.073 lbs., with a standard deviation of 0.613lbs.  
Although we would like the percentage to be larger, with the equipment provided, 
we are satisfied with these results and deem this requirement met. 
Lastly, the design is very feasible. Our prototype utilizes two conveyors, a hydraulic 
shear, and a PLC system in conjunction with a proximity sensor and a scale to 
produce an accurate and efficient means of separating polymer into useable 
portions. Each of these components is currently used elsewhere within Cooper 
Standard and the maintenance team is familiar with their operation and 
reparability.  Safety measures were also taken to ensure the system would not cause 
harm to its operators.  These safety measures include multiple emergency stops on 
each conveyor, an emergency stop on the PLC, and safety guards around the feed 
conveyor preventing hands from reaching under the blade. 
Section 5.2 Cost Analysis 
Due to the fact that the prototype was assembled using scrap material and was used 
only to prove the initial design, not to be used in the actual mixing department, two 
different cost analyses will be presented.  The first cost analysis will be for the 
project as built, using scrap materials and borrowed parts from the Cooper Standard 
Central Stores.  The second cost analysis will be the cost to implement the project in 
the mixing department, which will be the original cost analysis with revisions based 
off the lessons learned while building the prototype. 
Section 5.2.1 Cost to Build Prototype 
As previously mentioned, both conveyors, the bale cutter, and the PLC were donated 
from Cooper Standard.  These components were already pre-determined to be 
scrap, and have no cost value for this cost analysis.  Using the cost of the parts from 
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the Cooper Standard Central Stores, the total cost for the prototype came out to be 
$4,269.00.  A detailed breakdown of the costs is shown below in Table 2. 
Table 2: Breakdown of components used for prototype, and their costs 
Prototype - Bill of Materials 
Item Description Manufacturer Model  Vendor Quantity Price/per 
Total 
Price 
7 foot conveyor system ? ? Scrap 1 $0.00 $0.00 
15 foot conveyor 
system 
? ? Scrap 1 $0.00 $0.00 
Scale A&D Weighing AD-5000-55 Spare 1 $1,255.30 $1,255.30 
Proximity Sensor Banner QS18VP6DQ8 Central Stores 1 $173.61 $173.61 
PLC Allen Bradley SLC-500 Scrap 1 $588.84 $588.84 





1 $0.00 $0.00 
Hydraulic Valve Vickers DG4S4LW Amazon 1 $651.25 $651.25 
Labor - Control Engineer 
Cooper 
Standard 
N/A N/A 20 $75.00 $1,500.00 
Labor - Electrician Shambaugh N/A N/A 1 $100.00 $100.00 
Total $4,269.00 
Section 5.2.2 Cost to Build Full Production Ready Process 
As shown in Section 4: Testing, the initial design of two conveyors with a hydraulic 
shear press and photoelectric eyes is a viable solution to the problem at Cooper 
Standard.  There were components that the team determined were necessary for a 
production ready build that were not present in the initial design.  One of these 
components was the bale cutting table discussed in Section 3.5 Bale cutting table. 
This component cost $211.90 in material, and $125.00 in labor to build.  The cost of 
the controls engineer is also placed into this cost analysis, which totaled $1,500.00.  
This brings the total cost for a full production build up to $42,482.66, compared to 
the initial allotment of $40,462.07.  This new cost is still well below the budget of 
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Table 3: Breakdown of cost of a full production build 
Full Production Build - Bill of Materials 
Item Description Manufacturer Model  Vendor 
Lead 
Time 
Quantity Price/per Total Price 
Staging of Polymer 
Vacuum Handle Anver 
VTSAHA-
12/24 
Anver 3 weeks 1 $599.00 $599.00 
Transportation, Measuring, and Analyzing of Polymer 
7 foot conveyor system Dorner Custom Bastian 3 days 1 $7,815.00 $7,815.00 
3 foot conveyor system Dorner Custom Bastian 3 days 1 $4,643.00 $4,643.00 





3 days 1 $750.00 $750.00 
Acrylic Safety Glass Grainger 1UNL5 Grainger 1 day 4 $78.05 $312.20 
Photoelectric Eye Keyence PR-M51CN Keyence 1 day 1 $140.00 $140.00 
Cutting Polymer 








Fabrication N/A 3 weeks 1 $223.25 $223.25 
Cutting Table Steel Yard Misc Steel 
Steel Yard / 
McMaster-
Carr 
1 day 1 $211.90 $211.90 




N/A N/A N/A 20 $75.00 $1,500.00 
Labor - Maintenance 
Cooper 
Standard 
N/A N/A N/A 165 $25.00 $4,125.00 
Labor - Electrician Shambaugh N/A N/A N/A 40 $100.00 $4,000.00 




Section 5.3 Recommendations. 
Our first recommendation is to incorporate the wider conveyor belts called for by 
the initial design. The initial design called for conveyor belts that are 24” wide, while 
the belts we were given to use were 13-7/8” wide. We found that the clearance 
between the bale and the edge of the conveyor had the potential to be compromised, 
which caused the bale to experience excess friction and slow its travel. We believe 
that the conveyor belts that were selected in our original design would increase the 
accuracy of our cuts by eliminating this excess friction.  
The next recommendation would be to incorporate the scale that was selected in 
our original design. Although our prototype operated very efficiently, operator input 
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of the bale weight could occasionally lead to mistakes by human error. Our last 
recommendation is the addition of a cutting plate. This component was not included 
into our initial design but was added to our prototype. Initially, we planned to have 
the feed conveyor and take-away conveyor separated by a 1” gap, just large enough 
for the cutting blade to penetrate. The hydraulic shear donated to our project has a 
blade mount which increased the necessary gap between the conveyors. The extra 
space allowed the blade to force the polymer downward between the conveyors 
resulting in undesired stress along the direction perpendicular to the legs of the 
conveyors. This deformation of the polymer in the empty volume created by the bale 
cutter can also be attributed to the root cause of why we were not able to meet the 
±1 lb. tolerance on two of the cuts.  The cutting plate was added as a means of 
limiting the travel of the polymer downward, both to eliminate forces spread 
throughout the support system not originally designed to withstand, and also to 
control the accuracy of the cut.   
Section 5.4 Conclusions 
In conclusion, Cooper Standard requested the development of a safer, more 
accurate, and more efficient system to deliver cut polymer bales to their conveyor 
lines in the Mixing Department. The system had to be capable of cutting the 9 most 
commonly used polymers in one full cut, and be accurate enough to maintain a 
tolerance of ± 1 lb. per batch.  The efficiency of the system had to allow for one 
person to operate it and be able to supply the required polymer within the cycle 
time of 2 minutes. 
The tasks outlined as requirements and specifications were based upon the use of 
new, specially configured equipment. The group was able to successfully meet the 
requirements outlined even though the equipment they were supplied with was 
much different than originally intended and required extensive modifications. 
While completing the project the group gained numerous valuable skills which can 
be applied in the workplace.  Cooper Standard has voiced their approval for the 
project designed and built by the team, and is happy with the outcome. Cooper 
Standard views this project as means to prove a concept which could lead to the 
potential for substantial cost savings in the future. Overall, the group and Cooper 
Standard has deemed this project a success.  
  




























P a g e  | 51 
 
 
Figure 26 Bale cutting table drawing sheet. 
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Figure 27 Bill of materials for bale cutting table. 
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Figure 28 Banner proximity sensor mount. 
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Figure 29 PLC component layout and dimensional data. 
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Figure 30 Banner Sensor drawing sheet 















Specifications of PLC components including AC output and DC input cards. 
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Figure 31 Required weights of polymers for recipes, page 1. 
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Figure 32 Required weights of polymers for recipes, page 2. 
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Figure 33 Pricing quote for Allen Bradley PLC and Banner proximity sensor. 
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Figure 34 Price quote for materials to build bale cutting table. 
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Figure 35 Price quote for steel c channel used to construct bale cutting table. 
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Figure 36 Vickers hydraulic solenoid valve installed on hydraulic unit to control bale cutter. 

















Raw Testing Data 
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Acquired Weight Difference Full Cut? 
1 SIR 20 Rubber 48.0 48.3 0.3 Yes 
2 SIR 20 Rubber 43.0 42.4 -0.6 Yes 
3 SIR 20 Rubber 42.0 42.8 0.8 Yes 
4 Krynax 3370 39.0 38.4 -0.6 Yes 
5 Kelta 9650Q 38.0 38.4 0.4 Yes 
6 Vistalon 8600 38.0 38.9 0.9 Yes 
7 Vistalon 8800 35.0 35.2 0.2 Yes 
8 Royalene 563 32.0 31.8 -0.2 Yes 
9 Royalene 539 30.0 29.6 -0.4 Yes 
10 SVR CV60 30.0 30.1 0.1 Yes 
11 Vistalon 7500 28.0 29.7 1.7 Yes 
12 SIR 20 Rubber 28.0 27.5 -0.5 Yes 
13 SIR 20 Rubber 28.0 27.4 -0.6 Yes 
14 SIR 20 Rubber 27.0 27.1 0.1 Yes 
15 Krynax 3370 23.0 22.5 -0.5 Yes 
16 Kelta 9650Q 22.0 22.7 0.7 Yes 
17 Vistalon 8600 21.0 20.9 -0.1 Yes 
18 Vistalon 8800 20.0 20.5 0.5 Yes 
19 Royalene 563 19.0 19.4 0.4 Yes 
20 Royalene 539 18.0 17.8 -0.2 Yes 
21 SVR CV60 16.0 16.6 0.6 Yes 
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22 Vistalon 7500 15.0 15.6 0.6 Yes 
23 SIR 20 Rubber 14.0 13.8 -0.2 Yes 
24 SIR 20 Rubber 14.0 13.1 -0.9 Yes 
25 SIR 20 Rubber 14.0 14.2 0.2 Yes 
26 Krynax 3370 14.0 14.2 0.2 Yes 
27 Kelta 9650Q 13.0 13.7 0.7 Yes 
28 Vistalon 8600 13.0 13.3 0.3 Yes 
29 Vistalon 8800 12.0 12.6 0.6 Yes 
30 Royalene 563 11.0 11.5 0.5 Yes 
31 Royalene 539 10.0 9.3 -0.7 Yes 
32 SVR CV60 9.0 8.2 -0.8 Yes 
33 Vistalon 7500 7.0 5.9 -1.1 Yes 
 
Times Required for Each Step 
Sample Number 
Acquiring Weight 









1 35 9 21 10 
2 16 8 21 16 
3 15 5 26 10 
4 20 7 24 15 
5 18 9 24 11 
6 15 10 21 12 
7 14 7 20 9 
8 13 8 27 13 
9 15 7 24 14 
10 14 7 23 12 
11 13 9 23 13 
  




















Detailed explanation of probability in Section 4.4.4 
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Since 𝜇 = 0.073 and 𝜎 = 0.613 
𝑃(−1 < 𝑋 < 1) = 𝑃(−1 − 0.073 < 𝑋 < 1 − 0.073) 














𝑃(−1.75 < 𝑍 < 1.51) 
Using the standard normal table: 
𝑃(−1.75 < 𝑍 < 1.51) = 0.90 
 
Figure 37: Normal Distribution Graph with 0.0 at center, and -1<X<1 region shaded.  This region is 90% of the 
normal distribution graph 
